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(54) Abstract Title 

Display device 

(57) A display comprises a permanently reflective layer 3 and a switchable layer 4 which may be switched 
between a reflective and a transmissive condition. The system is illuminated by one or more light emitters 
positioned behind the layers. Polarised radiation 1a from the emitters undergoes multiple reflections between 
the layers 3 and 4 until such time as it arrives at a position in the switchable layer 4 which has been set to the 
transmissive state or a gap in the reflective layer 3. Preferably the incident light is circularly polarised, the 
permanently reflective layer is cholesteric and the switchable layer a cholesteric liquid crystal. 
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Background of invention . 
This Invention proves a novel scheme for the toe muitiplexed addressing o a 
Itae Ina, army o, localised positions in a plane, hereafter ca„ed pixels. This , a 
moment for a large number o f dispiay systems and switching schemes. The main 
requirements of such systems are:- nmnn i. fr 
a) The ability to contro, the optica. intensity that is present at eaeh ptxe,, for the complete 

amplitudes and hence intensity represent an informal signal. Thts signa! i 
recognised and interpreted by one or more sub-systems or receivers. In order to maximise 
TnnLof combinations of composite signals, each pixel must have a dynamic range 

at each pixel independently for a range of intenstnes. 

b) That the system wiU provide the capabiiities described above in a) above for etther a 
achromatic or polychromatic radiation sonrce or sources. 

e) The resolntion, or minhnun, pixel size most be such that a very high information 

nItL achieved *.P— — 
mus , be able to deliver the required range of intensities as in requirement a) to either 
lllmaticorpo.ychmmaticradiationinanarrayofsmailp.xeis.Thearrayofp.xe, 

Cilthe array and that the array be of sufficient size that sufficient information ,s 

CI array is comprised of a iiquid crystal which has an array of switchable 
"Isnu ion plls mat can modulate the intensity of radiation by changing *. 

1 - r Alternatively a localised excitation of an ermsstve material can be 
emit in the red, in the green and in the blue. 



Examples of problems encountered in the display systems detailed above are as follows. 
The former has low transmission through the system in that the most efficient form of 
radiation source is a diffuse white light unpolarised lamp. This means that to perform the 
polarisation dependent switching the radiation has to be polarised. Any radian winch is 
not correctly polarised is absorbed. To produce a colour composite pixel, colour filters 
must be placed in the path of the transmitted radiation which means that of the order of 
two thirds of the white light incident at any of the filters is absorbed. The latter suffers 
from high power consumption and addressing problems because of the need to produce 
large local electric fields behind the phosphors. 

Resolution is a problem for both systems as the composite nature of the colour filters 
means that each colour pixel must contain three of the array pixels (red, green and blue) 
to provide a colour image. Although this is a requirement of the above systems, it is 
possible but not required in the present invention. 

Conventional displays, particularly large area displays, and mainly because of the need to 
provide local control of voltages or currents at each pixel in the two dimensional array, 
encounter problems in providing cheap manufacturing of the panels. The advantages of 
the present invention are related to the separation of functions in the delivery of a range 
of intensities to the pixels in the array. These functions are: the switching from on to off 
of the pixel in the array and the determination of the intensity emanating at the individual 
pixels. 

This is considered first for a linear array of pixels. 



Essential features of the invention 

The emitter de.ivers radiafion between two pa*, p.anes of reflect 
ftepixeUmthefinearatraymde^ 

that the reflecfive/transmissive locafised switchab.e p.ane is «an_, radiafion 
^.owed to escape. This defines .he emergence of ft. radiation at fha, particular * 
fte swUchab.e p.ane is no. changed .0 the transmissive mode a. a p.xei pos,uon th no 
radiation escapes. This defines .he dark sta.e of fte pixe.. For highly reflecting planes the 
el:, can I very high dne to fte nni q „e fea,re fta. no radiafion is afiowed «o pass 
when fte pixe. is in fte off state. Any stray radiat.cn fta. does no. escape confinues o 
und ergo mnlfiple reflecuons he.ween .he pianes nntil i. amves a, a gap tn fte 
permlmy refiective piane and exits the system a. this posifion a. the oppose 
he .wo paralie. pianes w.fton. confiibnUng to fte ontpu. anay of intensmes. Each prx , 
« 7Z of each pixei. can have the switchahle reflecfive/fiasmissive piane iocaiiy 
swi tcL from .effective mode to .ransmissivc mode independentiy. The ex ance 

each pixe. posifion is subject .o .he emission of fte systena np to the pos.fion 
q ,s.ion. Thus wff, be a funcdon of the foi.ow.ng: the reflectivity of each p.ane .h 
lumber of snch rcflecfions nndergone ,o arrive a. a parficu.ar pixe., the _on of 

tra „slssive mode, the emission of fte enuuer, the efficiency of the conversion of ft 



pixel which is switched from reflective mode to transmissive mode in the 
reflective/transmissive plane. 

The resolution of the swrtchable plane can be made higher than the resolution in terms of 
the number of pixels. That is to say, each pixel can be divided into smaller regions each 
with rndependent switching capabilities. In this way a further control of the radration 
exitin- at each pixel is afforded. Non-unrform transmissron across a line of p.xels rs also 
possible by varymg the area of each pixel winch can be addressed/switched. For example, 
a pixel near the emitter can have a smaller switchable area compared to the pixel furthest 
from the emitters. This can be used, for example, to hehp match the overall 
transmission/exitance across the linear array. 

The response of the switchable plane may be dependant on the angle of incidence. If an 
acceptable range of angles exists then more than one angle may be input into the system. 
Several angles ma, be input at once if the geometry of the reflections aHows different 
pixels to be addressed. 

Because of the feature of the invention that the intensity of the radiation arriving a. the 
pixel is independent for the pixels, a gain in the overaU power efficiency is inherent in the 
system compared to a variable transmission display. 

This can now be extended to a two-dimensional array of prxels which are flluminated by 
a line of emitters which are used to supply radiation each to their own linear array of 
pixels, thereby producing a matrix of positrons where radiation can be snpphed 
independently. The contrast ratio of any system facilitating the delivery of the radiation to 
an array of pixels is limited by the difference befiveen the highest intensity delivered and 
the lowest delivered. Ideally, this is maximised by having a zero intensity dark state 
(minimum intensity at pixel). 1. may be possible to achieve this in the current inventron 
by not emitting any radiation from the emitter. 

Because the reflective properties of both the permanent and switchable reflective layers 
are symmetric about the normals to the planes it is possible to extend the system to the 
Cher orientation in the planes. That is to say a line of emitters can be positioned 
perpendicular to the firs, direction considered and the switchable layer can be switched 
using the direction perpendicular ,0 the emitters as before. This makes tire system easier 
to be used to form large area displays. 



More than one co.our can be combined to form a pontic beam whieh wi, 1 behave 
" ly .c a mono— beam in terms of .he mu,<.p,e reflecttcns. Thus as 
" Ices m terms of the reso.ution achieve in that ------ 

re^ons are not required at the ontpnt piane of the two dtmensronal array tf a Mi odour 

The CP and the CLC must both have high reflectivities for the parttcular polartsatton 
L f " each of me — ths used that effect the ima g e produced b y the two 



dimensional array. 



Particularexamples for te muminatio n of a flat panel using one 

This document ^Ild be used, for example, in 2D or 3D display 

:^::i:r g .ass. — ,„ - „ f *. - * a - T p— 

, • The liquid crystal (LC) is such a cholestenc and is aligned m 

• *u ,w That is to say, in one state, hereafter called the oft state, 

rr: i: — - — — > - ■ - :: 

Iltain its polarisatroo and in the other transmats the — Inthtsway a beam 

^s^herea^calledUaeons^dteC^ — *e cim«lar pc— of 
incident radiation such that it can contribute to the tmage. 

The input illumination is circuiariy polarised in such a way as to be thus reflected a, , e 

^input from behind the device through a gap in the CP layer such t a the H h, 
the CLC in such a way that if the area of contact has been swttched, then the 
"°"* eC " : t state for tbat position). If it has no, been switched. 



arnve at the CP from where it is refleeted back to the CLC layer. This continues unhi the 
light arrives at a switched portion of the CLC or another gap in the CP layer. 
,„ the case of a three dimensional display, vertical lines of the display (which represent 
particuiars views from particular vertical lines of pixels) are addressed individually. The 
„.ht which is at firs, trapped between the two layers is thereby allowed to escape through 
the associated strip of switched CLC. Thts system is possible because of the umque 
feature of cholesteric reflection wh.ch enables rtght-handedly circularly polarised tight 
(or left-handedly circularly polarised light) to be reflected as right-handedly circularly 
polarised light (or left-handedly circularly polarised light). 

For a two dimensronal display, when a particular strip of the 2D drsplay is addressed, the 
Ugh, which is trapped between me two layers is allowed to escape by switching the 
as'sociated strip of CLC. For the 2D display the resolution remaned is less than that 
recanted for the 3D dtsplays as all views are equtvalen. for a particular frame. This means 
that the projection of the mdividual views associated with the 3D image case can be made 
redundant by switchtng all the views with the same intensity. This gives a display capable 
of 2D and 3D image production. Alternative,,, a dedicated resolution for two 
dimensional displays can be used. 



Brief description of the drawings ^ ^ a ^ 

Flgure one: Showing how a single source can ^ 

i ♦•«« nf the innut illumination can be less tnan mc F 
Th e resolution of mp light wi „ exit through the next 

— te 8teS ^ 6 2 as i, will arrive there after a fixed number of 

back plane input aperture in the system 

reflections. d t deliver radiation 

— « ^ It area . - loca.lv he switched there* 

for reflection 7. conflgura uon of switchable plane as in figure three but 

— - 1", T, : r.CT- - - 

emission source in the figure is useo 

Pa " eI14 ' ■ sinde output pixel position and how the resolution of the entire 

Figure six: Showing '^^J^^rf to ^c»b,™* 



large area. 



Fi-ure seven: Showing a means by which more than one pane, ean be tiled together to 
form a large area display. In this ease the line of emitters nsed to illuminate the dtsplay 
panels are situated around the edge of the large area display. 

Figure eight: Shows how another means of tiling several panels can be used. Because the 
lines of emitters are situated behind the panels they can be illuminated from different 



directions. 

Figure nine: Shows how several lines of emitters can be used behind a stngle panel. 
A „ain the radiation sources are not vtsible unless a parttcular line is illuminated for a hue 
ofohe CLC which has been switched to the transmisstve state. This use of multiple hues 
of emitters reduces the refresh rate of the panel. 

Figure ten: Showing how different angles can be mpu, from either side of a panel. Thts 
can be used to reduce the refresh rate of the panel. 

Fioure eleven: Showing how more than one emitter can be used to illuminate a smgle 
pixel. Again different angles can be used to mpu, the beams of radtation such tha, they 
emerge at the same pixel. 

Figure twelve: Shows a simple scheme to provide polarised radiation from three dtfferent 
sources such that they are coincident and can be input into the system together. Thts ts a 
means of prov.ding a mixture of colours or of increasmg the dynamtc range of a 
monochromatic input position (i.e. using three emitters of the same wavelength allows a 
larger range of intensities to be chosen). 

Figure thirteen: Showing how more than one pixel can be illuminated a, the same ttme 
without a loss of resolution. 

Detailed description of the drawings 

Figure one shows the principle of the separation of functions a, the centre of the 
invenftomAwell defined coHimated beam of radiation 1 is input into a light pipe 3 whtch 
is defined by two plane reflectors 3 and 4. At leas, one of the reflectors 4 is switchable. 
That is to say that it cat, be converted from beittg refleetive to being transmissive by the 
application of an electronic signal for example. The other reflector can be permanently 
reflective 3 or can be switchable in the same manner as 4 and is positioned closest to the 
radtation source. An access position 2 exists in layer 3 such that the radiatton can be 
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directed through a transmissive gap in the layer either a switched position to 3 or a 
physical gap in the permanent reflector 3. Radiation which passes through the gap 
Mrives « a well defined position 5 in the second layer 4. This can represent the first 
output portion. If the second layer is switched a. thrs position 5 to the transtnissive state 
, h e„ the radiation exits the system. If the second layer is in the reflective mode then the 
radiation rs reflected hack towards the firs, layer and undergoes another reflection whrch 
re-drrects it again towards the second layer. The system continues to deliver the radratton 
along the light-ptpe until it arrives at a switched positron 6 in layer 4. In the diagram thrs 
is shown as 6. The dimensions of the switched area of 4 determines the fractton of the 
radiation 9 which cits the system. That fraction 7 which has no, been transmrtted 
through 4 is reflected as before and continues to be translated along the light-pipe unhl r. 
arrives at another gap 2 in layer 3. The light-pipe can be a solid 8 which has lugh 
transmission properties and is used to confine the switchable layer 4. 
Fi-ure two shows a further example of the invention where now two different beams la 
a„ 0 d lb are input into the hght-pipe, bu, at different angles. TWs means that toy arrive at 
layer 4 at a different position from beam la. la arrives a, 5a bu. lb arrives at 5b. 
Examples of the two beams exiting the system are shown a, 9a and 9b. Note mat ft. 
beams will exit with different angles. In this way different positions along the light-ptpe 
can be addressed simultaneously by simultaneous input into the system. Note also that tt 
is recurred that the fractions of radiation which have no. been allowed out of the system 
7a and 7b a, the output positions 6a and 6b must exit the system through a gap » the 
reflective layer 3. 

Figure three shows how the resolution of the output positions 6 can be made to he very 
high For localised ex..ing positions of the system a. each of the switched posnions 
there is a related radiation intensity 9. The radiation arriving a, the non-swrtched 
positions is totally reflected and continue, along the hght-pipe. Note that this diagram . 
showing a number of individual betuns winch are arnving a. tire switching posrttons 6 

pZe four shows how the high resolution of switching positions 6 can be nsed to further 
control the exitance of the system. If the output resolution of switching positions 6 ,s 



higher than the resolution of the input beam . then the fractton of the rad.at.on 
transmitted oan be controlled by only switching some of the positions 6 to produce output 
9 while reflecting the res. 7 whtch continues along the light-pipe until i. leaves the system 
without contributing to the output of the system as before. 

Figme five shows a two dimensional array 10 of output points or pixels of wh.ch a 
section of the array has been magnified 11 to show the detail. Note that these pixels 
represent either well defined areas defined by blade lines or simply areas a. wh.ch 
radiauon arrives. The blade lines are included in the diagram for reasons of Canty. The 
p 1K ls are arranged in vortical lines hereafter called columns 12 to illustrate the 
posittoning of the linear array of radiauon emitters 13 wh.ch reside behind the enfire 
array or panel. A number of such columns form the two drmens.ona. array. Each emttter 
in the vertical axray of emitters can supply rad.ation a. a range of mtensities across a 
honzcntal line of pixels 14 hereafter called rows. In this way each emitter conttibutes to 
the intensity of a plurality of pixel positions across a row and a linear array of such 
emitters 13, each emitter contributing to its own row, can form a two dimensional array 
by illuminating one column at a time across the panel. Nofice that the emitters 13 are 
positioned behind the panel 10 and can no, contribute ,0 the array of intensifies except by 
passing radiation through the system. 

Figure six shows .he flexibility of the system a, the manufacturing stage. The same area 
of a panel is dep.cted but each has a different resolution associated with ... The firs, 
example 1 la has a high density of narrow strips across the region to dep.c, the switching 
resolution of the panel. The second 1 lb has the same dunension of strip repeated across 
the region with greater spacing. The third 1 1c shows one large strip which covers most of 
the region For an electronically addressed liquid crystal switching system these stnps 
represent those positions at which rad.a,io„ can be output from the system witharange of 
intensifies. This ability to vary the form o, the pixel width by varying the minimum 
region of the sw.tchable reflectivertransmissive layer has great flexibility in the radiafion 
delivery system. 

Figure 7 shows an example of the formation of a radiation delivery system whtch use 
more than one panel and mom than one ,ine of emitters. Each panel in the tiled atray of 
panels has its own line (or lines) of emmets 12 which produce an output wh,ch can he 
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scanned across the pane, Each pane, conbibute a fracflon o, te enbm stg^ 

are scanned need no, a,ways be the same. In the flgure there are four pane, wh, h « 
scanned horizontally and two which a r e scanned vertically. The arrows dlustrate the 
direction of the scanned signals. 

fi g „re eight shows how more than one Unear array of enters can be nsed m pane, and 

can he used to scan intensities across .he indrvidua, paneis in opposite directtons. 
Figure nine shows how several Hnes of emitters can be use to iliuminate a smgie panel 
Bchiineofem.ttershasanumberoUoiumnswh.chhmus.addressiXAssocra^ 

each Une of emitters is a gap in the permanent reflector such that any raftabon 
emitted from the front of the pane! escapes ou, through the gap associated wtth the nex 
Un e of emitters. This conflguration aiiows very high dehvery rate of the enure output 
signal across the panel. 

Pi^re ten shows the mean, by which two different directions can be nsed to address* 
si pixe. in the array but using radiation arnving from different direcbons la. The 

from the position of a line of emitters 13 and arrives at the same pixel 6. ,f «h «. 
aUowed to traverse me entire distance between the lines of emitters 13 they w„„,d h^e 
.rived at identical positions atthe switchable reflector layer. In ft. case the symme« 

emittersncanheaddressedinftiswaybybothradiationbeams. 
Fig ure eleven shows two examples of multiple beams being input into the system la and 
lb in each case the beams arrive at the switchable reflective layer together. The beams 
la beled la have a higher resolution than those o, lb. In each example the beams are 
spatially resolvable as they exit the system a, different positions within the output ptxel . 
Hgurelelve shows how the same input angle can be used to address different ^prxels 
simultaneously, la and lb represent two beams which arrive at the switchable reflect 
; ay er in suchLay as never to impinge upon the layer at the same position. Two ou*m 
pixels are shown 6. The reflections are such that each arrives a, every second pad. In 
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this wa y ,wo beams can be used sinudtaneously » address adjacent prxels in the linear 

*- an example o f a poss.ble scheme wh.ch could be used t o combine 
Jee different radiation sources into one beam in such a way as to produce a po ar.se 
:i Combinmg .be beams in tbe beam-spimer combmation give lineay.lar.sed 

injected into the system. 

Figure durteen g ,ves an exampie of bow two beams can be used — eo ^.U ^ 

position aiong the array. Tbe output pixel positions (where the swttchable layer 4 ha 
ever, second such position whiie it traverses the system v.a muiupie reflects. Th, . 
single linear array and thus enables a slower refresh rate for the display. 

r T^Z a scannmg system for the rllumtnation of a fiat panel usmg one - a 

series of pixelated line sources for use in a 2D display conf.gnrat.on. It cons.sts f a 

eholesteric liomd crystal (CLC, layer between two sheets of hi 6 h,y 
^na t ed M oneofU.e S he. K isa S oUds^pe OT anentcho.es E nepo 1 ans«^.^ 

liqui d erysta, (LC, is such a cholesteric tba, is switchable between at « jo 
conftgulns by me apphcation of a voltage and is aligned in the cel, sueh that ,, 

in the other transmits the radiaho, In mis way a beam incident at a s ght angle * 
normal of the CLC layer in the correct circular polarisation, and through^ gap in the CP 
layer win be reflected as that polansation. If it then tmprnges on the CP t wrll 
lid with the same po,ar,a,io„ ban, towards the CLC In this way rf w« 
rnnlbpiereflectrons between the two reflective .ayers. In the other state, hereafter caUed 



the on state, the CLC transmits the circular polarisation of incident radiation snch that it 
can contribute to the image. 

The input illumination is circnlatly polarised in such a way as to be thus reflected a, the 
CLC and the CP A red, green and blue (RGB) filiated linear illumination, for example, 
can be input from behtnd the device through a gap in the CP layer such that the light 
impinges on the CLC in such a way that if the area of contact has been switched, then the 
„„ht passes through the CLC layer (on state for that position). If it has no, been switched, 
then the light is reflected back with the same polansation (off state for that position), to 
arrive a, the CP from where it is reflected back to the CLC .aver. This continues until the 
ligh . arrives a. a switched portion of the CLC or another gap in the CP layer. 
For the application of the invention as a means to produce a two dimensional image for a 
wo dtmensional display, when a particular strip of the 2D dtsplay is addressed, the light 
whrch is trapped between the two layers is allowed to escape by switching the assoctated 
Ship of CLC. For the 2D display the resolution required is such tha, all views are 
equivalent for a particular frame or image. 

The device thereby provides and allows a simple means of addressing of individual hues 
of a pixelated plane can be scanned across the plane (or sections of the plane) thus 
removtng the need for a very high resolution TFT matrix or a mechanical scanmng 
system to control the tntensity arriving a. particular positions in the plane, hereafter called 
pixels It also allows the plane to be divided into regions b, providing several lines of 
discrete emitters, each of which delivers .he radiation to different sea of prxels. 

This invention provides a novel means of addressing the lines of a display. The 
scheme is such that high intensity output can be achieved using a single line of cmrtters to 
iUuminate different line of the screen. The intensities for the individual pixels in a line of 
the dtsplay are controlled by varying the output of the associated emitters. The on/off 
state of each line is continued by the liquid crystal. This separation of these .wo functtons 
makes multiplexing me signa! easier whale providing a very efficien. use of the radiation 
source In i.s most basic form very few components are required. These are, for example: 
cholesteric polariser, cholesteric liquid crystal cell with highly transmissive eel! walls 
passive addressing lines of indium tin oxide, a hue of discrete emission sources, a black 
mask matrix to define the high resolution pixels and drive electronics for the emitter, 



ja 

Th e cho.es.eric M> crys.a. needs only .wo s.a.es (t„,al .ransm.ss.oo or .o.a. ref.ect.on) 
I ntens., , each on,n. posfoon can b e controlled by 

;:: : jl as - — — - - - - - ° r p ' xei 

M.viduaUytsepara.edbyatoe.ess.han.ha.of.heresoln.ionoffteeye, 
^system anows (or one ex,.ence of severa, adding lines across .he d.spiay or 
Rising from ho.h s.des - .he disp.y or from ho,h sides o f a seCon o f .he 
display. This relaxes .he speed required for switching of .he CLC. 
The svstem allows very high resolution to be actaeved. 

B a w emits a. .he brightness of the ermtters (after — n fosses) wfoch means 
I v ery bnght display. As an example, consider RGB ermtters wh.ch have a combme 
lance of 50 candela. For a display havtng BOO x 600 p.xels and a transmts ton 
rgr.hesys.emofomy^Mhisrepresen.sawfotestateof^S.x.OOcandefo, 



r=l— «- - -"IT- 

series of pixelated l.ne sources for use in a 3D disp,ay conf.guratton. In three 
Ilfon, dtspla, the number of swttehabfe positions in the v.ewable ,ray of ptxe 
m „stexceed,hatof an equivalent two dimensional disp.ay. This ts because each3Dp.xel 
mus . thnn one vi ew That is to say the 3D msplay can encompass a 

of a 2D display of the same screen resolution. 

Iddmsstng of .he .foes of pixe, .sidons is the same as .n embodiment, „ . 

\ k i™„l, are sent from the emitters and the rate at winch the CLC ts 
the rate a, whtch ^s a,- gf ^ ^ te ^ shorter 

pitched may be faster. A te J ^ ^ ^ ^ ^ 
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„ views on^pix^au, — pixe.posi.ons^!- — W.U 
teemmedtoU.eviewera.different^leswi.hrespec.tcthenormaltothescreen. 

;:: " .... as a— * *. - b cap* P « 

Ils.cn, J g =s is also capa W e - — p-* *> images by emttring — 
intensities at each p.xel pesitien within each 3d p.xel. 



Lcfenut.,, as in emboditnents one and twc. can he piaced stde hy stdeso as tc f o™ 
to as tiling of the panels as described in figures seven and eight 



1 . A display device comprising at least one radiation emitter, whose emission intensity can be 
controlled, that can be used to deliver radiation to a linear array of pixels by reflection 
between two reflective surfaces where at least one of the reflective surfaces can be put into 
more than one transmission state at each pixel by reduction of the reflectivity, thereby 
allowing radiation to escape at each of the pixels individually in sequence. 

2. A display device that comprises many linear arrays of pixels as described in claim one such 
that a two dimensional array of transmission positions is defined and over which the 
radiation exitance is controlled at each pixel position in the array such that information can 
be displayed. 

3. An array of pixels, as described in claims one and two, where the radiation exitance can be 
controlled by varying the transmission at each pixel such that for a given intensity of 
radiation arriving at the pixel a range of intensities can be allowed to escape subject to the 
transmittance chosen for the pixel and such that the remainder of the radiation is reflected. 

4. A display device as described in claims one to three whereby a two dimensional array with 
information content is produced by timing the emission of the emitters and timing the 
reflectivity of the pixel positions such that a complete image is seen by the observer. 

5. A display device as described in claims one to four where the pixelated switchable 
reflective/transmissive surface is controlled by the application of an electrical signal or 
signals that may or may not be time multiplexed.. 

6. The intensity of the transmitted light that leaves the waveguide is a function of the initial 
source power, the efficiency of the reflective surfaces to reflect the light at each occurance 
of reflection along the waveguide and the efficiency of the transmission of the light through 
the selected pixel position where the light beam is allowed to leave the waveguide. 

7. The light beams can have a particular colour of light and can be modulated independantly 
at their source. 

8. The light beams in any of the claims one to seven may have a particular state of 
polarisation. 

9. In the case where the light beams are circularly polarised or made to be circularly 
polarised, the permanently reflective layer should be a cholesteric reflector that reflects the 
light with the same polarisation state of light as the incident beam and that the switchable 
reflecting surface should be a cholesteric device, such as a cholesteric liquid crystal, that is 
locally switchable between reflecting a circularly polarised state to transmitting that 
polarised state either at each pixel independently or along lines of such pixels 
simultaneously where the line of pixels is perpendicular to the direction of the radiation as 
it progresses along an array as described in claim one. 
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